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ABSTRACT s .» oy
- In.order to invéstigate. the effects of sequence and

syhthgéis,jn‘the,teaChinﬁiof taxonomically-related concepts, a study

was conducted in which 27-students Tfom—Syracuse University‘were

, + asked to examine printed instructions dealipg with kinds of sailboats
and then to Téspond to a.test based'on those .instructions. The ‘
synthesizing structure-employed .in the instructions was.a
"kinds-conceptual™ taxonomy which shows: the relationship between
:‘concepts. Six versions of the instructions were employed: three with
a -general-to-detailed preséntation sequence and three with a ’

detailed-to-general sequence. ,Each cet of three inCluded a version

.  without a synthésizer; a version with a synthesizer at the beginning,
:and”a wversion with a synthesizér at the end. Statistical analysis was

. performed on the ‘test scores of the studéﬁtg.,Thbqgh the results did

“¢ not support the hypothesis, that a general-to-detailed -sequence is.

” superjor to a detailed-to-general sequence; an intefaction between

Py synthesizer position and the sequence of instructions was found:

: learning relationships are facilitated when a- synthesizer is

- - :presented before detailed-to-general-instructions and after ,

. general-to-detailed instructions., A reference list, five figures,; &nd

© . . fvo data.tables are included. -(Author/JL)
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ABSTRACT

t This research study investigated the effects of sequence
: and synthesis in the teaching of taxonomically related
concepts. The two segquences were general-to-detailed and
detailed~to-general, and’ the synthesis was provided by a
"Kinds-conceptual synthesizer", a ‘tree .chart in which the
subordinate concepts are kinds of their superordinate concepts.’
! The three levels of synthegis were synthesizer first,
synthesizer last, :and no synthesizer. The theories of Ausubel,
Bruneér, Gagne, and Reigeluth and  Merrill provide the

/ perspectives fot the - study. ‘The conceépts were kinds of
sailboats, the dependent variables were concept classification

. and knowledge of relationships among the concepts, and the
. students were college freshmen. No significant main effects
. were found, most likely due to the shortpess of the task; but a
significant ‘interaction was found, ‘indicating that for a
general-to-detailed sequence, it / was better to _place theg
synthesizer at ther en .of the instruction rather than at the
beginning of the instruction, whereas for a detailed-to~general
sequence the reverse was true. ' Yo
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INTRODUCTION -

\ Several theories " have been advanced related to" the’
structuring of subject matter content. | Two strategies for
structuring subject matter are sequencing, which refers to the
order in which elements of subject matter are presented during
instruction, ~and synthésis, which, refers ‘to showing the
relationships among those elements of subject matter. With
respect. to sequencing, Ausubel's (1963, 1968) subsumptiodn
theory l‘suggest:s that instruction would be motre m€aningful if
the most general ideas are presented first, £followed by
successively greater detail and specificity. Gagne's (1962,,
1977) hierarchical approach to sequencing, on the 6ther hand,
has sometimes been ‘interpreted as advocating that the most
detailed and spécific parts of a subject matter be learned
before the most general_conéepts are learned. .

With respect to synthésis, Ausubel (1968) advocates the
use ot advance organizers to structure subject matter so, that
students can relate subsequent materials to anchoring ideas.
Bruner (1960). also proposes that learning the structure of a
subject’ matter (how elements are related) permits more
meaningful learning. Although Wilcox -(1979) found that he
presentation of g»taXOnomie structure- increased posttest scores
for concept classification, 1little research has been done, on
.the sequencing and synthesizing of instruction in predominadtly
conceptual content.

The Elaboration Theory (Reigeluth, 1979) proposes that
relatively large amounts of instructional content should have a
géneral-to-detailed sequence, that pre, and post synthesizers
should be used, and that structure itself -should be taught to
facilitate the learning of interrelationships within the
subject matter. This approach seems promising, but data are
needed to tast its usefulness. The Elaboration Theory suggests
that subject matter can be organized on the basis of any one of
three types of .content: concepts, principles, or procedures;
This ‘study dealt only with concepts, which are classes of
obfects which share critical attribites and which have
discriminately different individual fmembets.

) "The problem of this study, then, was to investigate the
effects of sequence and the use of a synthesizing s;ructure in

the teaching .of concepts. The two independent variables were

sequence and synthesis. Sequence refers to the order of
presentation of the concepts. The levels of this variable were
lgeneral-to-detailed and detailed-to-general. The synthesizing
structure was a “kinds-conceptual" structure (Reigeluth &

Stein, in - press), a - taxonomy which- shows the:

super/co/subordinate relationships among roncepts, where the
subordinate ‘concepts are all Ltypes of their superordinate
concepts. The levels of this variabl® were synthesizer-first,
synthesizer-last - and no synthesizer. The dependent variables
were concept classification and knowledge of interrelationships
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among the concepts. These variables are at the wusé
lapplication) and remember (recall) levels, respectively, as
suggested by . the Component Dlsplay Theory (Merrlll, Relgeluth,
and Faust, 1979). A

1]
€ l

The first hypothe51s was ‘ that a genéral- -to- ~detailed

“sequence ‘would -be- superlor to a detailed-to-general -sequence_____

for teaching both the attributes of the concepts and the.
relationships among those concepts. The, second hy othe51s was
- that , the presence of ' ‘a synthe51zer (spec1f1ca11y, a
kinds-conceptual structure) would facilitate the learning of
concepts ' that - bear / such super/co/subordlnat%
interrelationships, as well as fatilitating the learning of the€
relationships among those concepts. The third hypothe51s
followed Ausubel's suggeStions’ that providing a synthesizer at
the beginning of the instruction (so that -subsequent
instruction_ could be related to it) _should be superior to
placing :the :synthesizer at the end of the instruction.

! N

Subijects ) . . i

From an. initial group. of 80 names selected from the,
.Syracuse University psychology pool,’30 students (14 females
and 16 males) ,agreed to participate ih the study: The students
were asked to report as,a group to a classroom for one hour.’
Only 21 students attended at tlre scheduled time, so a make-up
cession was held one week later. 0f those ning students
failing to6 “appear at the first session, six attended the
make-up. session. The total number finally part1c1pat1ng was 27
(11--females and 16 males).

z . R .
Qemn .
[N t
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The experimental design was a posttest only design. The
statistical design was a 2X3 factorial design, and a two-way
analysis of variance wag used. The two factors were sequence
and;, -synthesizer. The twq levels , of sedquence were
general-to-detailed and detailed-to-general. The three levels
of the synthesizer were absence .of the synthesizer, presence of
the synthesizér at the beginning -of the instruction, and
presence of -the synthesizer at the end of the instruction. The
six exper1menta1 groups are depicted below.in Figure 1.

,-'——"—'--~——°'—;'——"'_—_""i"—;'-—_
Insert Figure 1 about here
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"he subjects. were asked to study a printed instruc¢tion
booklet dealing with kinds of sailboats and then tc respond to
a paper-and-pencil test based on the material in thé booklets
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“he | Luphlotes cuptaineu & gefinition ( 1ucebiulny o list ol
o atbtranules), o« Pletorial  cxample, &nd at lca.ct ole pliactlee
itew ifor -cack oo the 16!relatea concepte shovt wn igure 2.
. The ‘mguuriai 1 the pooklets was complled tren Veburer's Hew
P Collegiete Lictionary, Lrow Der -Gresse Duden Liloeweertereuch (@

/ pictire cictrvnary), ana  Erom Dr. Robert Baviciun, o suiling
enthusiast. Pigure 3 shows a sample el the instruclional
—raterizlis.. . '

‘«; ———_——.——.——_————c—————-.——_————' —————

There were six versions of the instruction il.ockict: threc
wich & general-to-cetailed segucence anag  threc with' &
detailea-to-gencral sequence. Bach set of thrce consisted of
cne without a . synthesizer, one with the synthesize¢r at the
beginning of the instruction, -and one with the synthesizer at
the end ot the instruction. The synthesizer wus a tr¢e-chart

. ciagram of a. kinas-conceptual structure (see pigure 2). The
detaileu-to-general sequence began with "slooﬁﬂ and 9écsenced'
. _ . instruction on each of the other types of saiiboate at that
level ' of the structure beiore’ proceéding to the next
, superordinate level. The general-tordetallea scguence began v
with ""square-rigged ships;" and all concepts at one lavel were
presented before proceeuing to the next jover level. The
instruection on each  inagividual concept was identicel ror all
t treatment yroups. '

The test was a 39-iteém paper-and-pencil test which was
divideu intc two partcs. The first part containeca 18 ‘items
about the rclationships among the various concepts at the
recall level (the relationship test),  apd the second gpart
contairea 21 iteams requiring identification of unencountered
‘examples of all the concepts (the attribute test) at the
use-a-yenérality, or application " level, as suggestea by the
Component Digplay Theory (kerrill, in press). PFigury 4 shows
! the relationship test and half the attribute test.

A
.
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Procedures / !

Upon reporting to the designated classrooa, the sLudents

were randomly assigned to one of the six tredtnoent Looklets.

Before -beyinning the booklét, the students werc asukeu to

complete an information sheet in which they werce Lo 1nuicate

their .ex, current grade point average and whether or not they

' haa any previous knowledge of cailboats. ‘They werec al-o asked
\ . ' R T SR Agg}f A%LR :
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to :keep track of and record the timé tﬁzy spent on the booklet

‘and on the test. The students were dllowed to begin reading

the booklet individually, and were told they would be allowed' a
maximum of 35 minutes to'study-the booklet. The students were
instructed to study each pade in sequence,,spending as much
time as they felt ¢they needed to learn the material on the;
page, but not to return to any previous pade as they progressed
through the booklet. . After completing the booklet they were
asked to turn in the booklet, and were then given khe test.
The - students were allowed to spend whatever time; remained in
the one hour session, on the test. All students finished

."{

within the allotted time.

Results

Table 1 shows the mean number of correct responses on thd
relationship test (18 possible correct) and on the attribute
test (21 possible correct). An analysis of variance procedure
did not. yield significant main effects for ~sequence oOr
synthesizer on either the relationship test or the attribute
test (see Table 2). Neither was the interaction ‘significant on
the attribute "test. However, .on the relationship test the
sequence x synthesizer interaction was significant (F = 4.17,
p=.0299) . (See Figure.5.) ’

To idgntify the- source of this significance, a 2X2
analysis of variance was performed. The first analysis. was’
between sequence (detailed-to-general and general—ﬁo—detailéd)
and synthesizer (no synthesizer and synthesizer first). This
comparison yielded no significant interaction between sequence
and synthesizer. Then, in- a second analysis between sequencg
and.  synthesizery only the synthesizer—first - and
synthesizer-last data were wuSed for the synthesizer factor.
This analysis showed a significant interaction (F=6.46,
p=.0226) between sequence and synthesizer position. The
results ’ indicate, therefore, that for learning the-
relationships among concepts with a detailed-to-general
sequence, -having the synthesizer at- the beginning of the
instruction is superior to having the synthesizer at the end of
the instruction, whereas for the general-to-detailed sequence
the superior position for the synthesizer was at the: end of the
instrudction. ‘

. ; ?

. Insert Figure 5 about_here

_________________________
. E . g .
» - :
.9

The results of this \study did not support the hypothesis
that a general-to-detailed seqguence is superior to a
detailed-to—-general sequence, nor did they ‘' support the
hypothesis that the presence of a synthesizer (spec¢ifically; a-
kinds-conceptual structure) would facilitate Tearning the
attributes of concepts. and the relationships ,among “those
concepts. However, the most interesting result ‘of the study
was ° the unexpected finding that there was an interaction

between synthesizer position and the  sequence of the

/
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instructqn. It would appear that learning relationships among
the concepts may be facilitdted whén a synthesizer is presented
<b9£0re the instruction,- if the instruction-is'arranged in-a
dstailed-to-general sequence,. ‘but when the synthesizer is .
presented after the instruction, if the instruction is arranged .
; iﬁka,geneyal-to—detai}ed sequence.- ‘ ‘

%

. -

Perhaps this.result indicates that when instruction begifré
at the most detailed 1level, learners need to start with a
synthesizer to provide context for each detailed concept. On
the other hand, when the «instructjon is arranged in a
genaral-to-detdiled sequence, | it would appear that the most

~—.._ genaral - concepts themselve$ ' provide the -context for. the

-~ subsequent concepts, such that students do not benefit from a

" synchesizer as an- initial overview of the set of concepts. .

Converérly, in the general-to-detailed sequencé, Students
. appear to need a synthesizer at the end of the instruction to
review the relationships among the concepts, a function similar -
to that served by the, general concepts presented at the end of
;a2 detailed-to-géneral sequence. There 'is increasing evidence:
that learning the relationships among concepts 1is [important for
+«, .building 'stable .cognitiwve structures and for improving '
long-term retention and problem solving skills. Hence, using a /
‘syhthesizer in the manner -just described may be a -prcmising
ingtructional strategy.. ’ ' o

. B ) Any effect that sequence; and synthesizer have on’ the
iearning of the -attributes of concepts is not appé;gnt\from: '
e, this study. But it is important to note that,;the elaboration
- model proposes that neither sequence nor synthesis is likely- to
make ~any -difference for  felatively ~small -amounts ‘of .
interrelated content. . The human mind is- likely capable of
compensating for poor sequences and lack of synthesizers when
the amount of instructional content is small. Since the task -
in this study required less than an hour to complete, it is not .
surprising that no main effects were found. 1In fact, it is
surprising that; the interaction effect was found, especially

. " considering  the lower power associated with interaction
’ etfeq;s. . e 7 ' .
’ The methodological - approach of this study requirééa‘

discussion at this point. First, the subject matter (in'this
case kinds of sailboats) was chosen because it was felt there .

! 't would be 1little prior knowledgé of sailboats among the

3 subjects, thus .alleviating the need for a pretest. Studénts
were ‘asked to .indicate their prior knowledge of sailboats, and
most indicated they had véry little'or none. The tesgt scoreé’
of the few subiects who had indicated they had prior knowledge
were not significantly different from those of subjects who had

. indicated they had no prior knowlédge:. The subject matter

: chosen was for the conveniénce of the’ study, but it is

suggested that it would be instructive - to conduct further. \

_research using traditional school contegnt. g ¢ .
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‘were

they were also the critical attrihutes of those concepts.

subject matter

" The 'smaLl sample size, the variable time and effort spent
3by the students on thet:learning task, and the lack of .any pilot

testing

of the materials and tests should cause the results of
the

study to be viewed with cautioh.**ﬁlthough—the students
asked to proceed sequentially through the bcoklet, this
could not be easily controlled. A better presentation medium
might be slides or transparencies. Also, in this study, the
students might have made better use of the synthesizer if an
explanation of the purpose of the synthesizer had been included

in the instruction booklet. , .

it is. suggested that in any further research, a set of.
concepts should be chosen so that all the concepts‘haye
.identification labels that are not the :same as their

attributes. In this study, one
categories: fore-and-aft rigged
Although these names

level of'concepts included two

ships and square-rigged ships.

weére concept labels at a general leveir

The

if the concepts had not,
This issue requires further

Additional research could also explore the teachianof

which 1is primarily theoretical or procedural,

rather t?aﬁ:conceptualc : -

results might have been’ different
indicated the concept attributes.
study.
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CUTTER -~ A single-masted fore-und;aft'riggeé sailboat with mést
' " amidships. ,

Exaﬁgle:

mast
amidships

Attributes:

. -One-mast
' i o
Fore-and-aft rigged (From the top view.the sails are
roughly parallel to the long axi{s of the boat.)

) . " -

’,

Mast amidships

" Practice: Circle the cutter,

/

I

N <=

./

0 :JIMsuy

FIGURE 2
3
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_ L ,lTes;~on Kinds of Sailboats

v

Parc. 1

A, W1thout ‘uging the general category "sailboats",
: ategorles to which the. following sailboats belong.

list each of the superordinaté

. 1. S}ngle—masted‘Shlps are a kind of T ship.
L 2. Mixed-rigged ships are-a kind of 5 ' ,sh{p.
“. 3.' A yawl belongs té the. - £ . categn;ykies). .
4, A cutter belongs to the L ,category(ies). -
R The—brig and the bark are common tO*Qhat cagego:y(ies)? ‘ i f.
Ed * 4 ST
6.

The schooner au.d the sloop are common to what category(ies)? '
L - ' - . . v '* t‘ ]
. The barLentine‘and brigantine are common to what category(ie5)9

SUSED -

- e e s e - - -
L 7
> .

The -ketch and the full-rigged ship érg common to what category(ies)?

AR - -
3

. v

o

‘Schooners, yawls; and cutters are common to what -category(ies)?

. R 4
e - - - PR .

SBrlgs,\bri%antines, and yawls are all common ‘to what category(1es)°

A
»

L s - — B R P -
B . T 0 -
. 1 . 1
: . .
. * t 1
- »
* .\,
e o i sttt N

1. Tnto what two main categories ca g uare=rigged ships be divided?

-

—— - L - - - _ - .A, - — - 'E»&‘l
2, .. Into what two main categorles can fore-and-aft rigged ships*beidivided?

v
Y

! 7.!

3. What are the kinds of single-masted shins? i

yal

\

vy

4. What kinds of sailboats have all snuarg-rigggd masts? -

—~

5, Name the fore-and-aft figged ships with more than one mast.

\

|

|

1

|

N

6. Name the boats which: have some masts square—rigged and some fg

i

. .
Y
H . N

7. Name-all the kinds of squnre:rigged ships.

8. Name all the kinds of fore-and-aft rigged ships.’
. 1

| &

o

« » |

; |
| '%

\

FIGURE 4
&

re-and-aft rigged.
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TEST - Part II . : .

— ; v - .
Identify gﬁach sailboat below by writing its name under the picture., Use one
of the following nag‘n'és: schooner, barkentine, brigantine, cutter, hrig,'_
Jbark, yawl, full-rigged, slobp, ketch. (You may use a name more than once.)

2

-t

FIGURE 4 cont.
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,u Table 1 . R
7 . Me'érg Number of Correct Respc;nsgs on the-
Relationghip Test ( 37 -possible correct) f
f . ’ , L) / * “" - .
- Sequence no . . synthesizer synthesizer totel
. . synthesizer flrst. .’ last -
detailed- S o : : >
to-general 21.75 -~ 23.8; 7.28 , 18.1
(4) - Gy (4) y (13)
| S.D.= 3.95 | S.p, = 1207 | s.0. = 10.05 .
/ éénérﬁl- ! — ] — i e
A t - M ] '
o-detalled 4.0 8.0 | 16.8 12.9
, R EECS N BN 10) (14)
: ] S.Dy = 7.16 | S.D, = 8.22 S.D, = 12.26
, 17.9 15.9 12.6
j total (8) (10) (9) _
. i f‘ fr _ “"\, o
N Mean Number of Correct B}Qs'pc’iyses on the ’
Attribute Test (21 possible correct)
Sequence no- synthesizer synthesizer
" -synthesizer = -first._ __-last ., total
detailed- ‘ ’ ) : .
to-general 9.0 8.4 4,25 7.3
' @ e w_ o 13)
. S-Dd). =5.09 | SD.=6.66 | S.D, =2.22 .
h general- ; . . ’
( tordetailed = . 5.5 5.2 6.8 5.9
) ’ ! B ‘_ A B S \(\,
! . (4 o () S we(5) (14),
N ~S,D, = 2,38 | S.D. =5.54 . S.D. = 5.93
\, - - - - -- . - . .,‘_ N
., total 7.25 6.8 5.7
(8) (10) (9)
(Numbers in parenthesés represent n's for each group) '
~ ] ]
17 | S
i : N 4 :'I . t
A} } " I




Tabis 2 -

Analysis -of 'Variance

s

(Geunersl Linear ‘Models _—Proc"eaure) ‘
/ ’ " Relationship Test ,
s "
Sums of
Source Squares df F . pr>F
] T : . ‘
Synthesizer 7 -
Position (A) 124.299 b2 0.67 0.5238
* Sequerice (B) 169.726 1 ' 1.82 0.1915
. - ) ' f N
AXB 777.171 2 417 0.0299
) Attribute Test
. y
. A Su;tist oé . ) .
Source -Squares - df F. pr>F
.- i
Synthesizer .
Position (A) 11,567 2 0,22 0.3039
. " ] * i -
dequerice (B) 12,959 ' 1 0.49 0.4897 «
) \ #, ) .
AXB 51.591 v 2 0.,28 0.3904
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FIGURE 5, INTERACTION BETWEEN SEQUENCE OF INSTRUCTION

AND SYNTHESIZER ON' THE RELATIONSHIP TEST
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